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INTRODUCTION
The Israeli requirements for digital photogrammetric camera system validation, calibration and certifications are described in Israeli Survey Regulations of 2016. The main goal of these regulations is to determine the following questions:
1. Can a specific camera system be used for a given mapping purpose (e.g.; constructions-permit map-1:250, detailed design map 1:500, city plan 1:1000 etc.)? 2. If the answer to question 1 is yes, what would be the configuration of the aerial photography (number and distribution of control points, flight height, data processing chain, etc.)
Mapping and surveying procedures and technologies have been regulated in Israel since 1929 when the British Mandate enacted the Survey Ordinance. This Ordinance necessitate the publication of the Survey Regulations as the official document that defines and regulates the surveying work and the publication of the Director General Instructions that provide the technical details about the methodology and technologies (Felus et al. 2013 ).
The Israeli Survey Regulations of 2016 have been recently approved by the Minister of Construction and Housing and include new definitions for mapping products, new requirements for quality (accuracy and content) of these products and an update of the procedures, methods and technologies that can be used to derive these mapping products. These regulations also provide the details on the use of digital mapping platforms including the validation, calibration and certifications of these platforms. The issue of digital photogrammetric camera system validation, calibration and certification has been investigated and reported in many articles. Cramer and Haala (2010) and described a comprehensive project for the empirical investigation of the performance of digital photogrammetric airborne cameras under the umbrella of the German Society of Photogrammetry, Remote Sensing and Geoinformation (DGPF). This project includes empirical test flights in the test field Vaihingen/Enz and a through evaluation of the sensor geometric performance. The evaluation included calculations of RMS error for various triangulations with varying set-up (number and distribution) of ground control points. Honkavaara et al (2013) and Hanusch and Baltsavias (2009) investigated the radiometric aspects of digital photogrammetric airborne cameras including: histogram analysis, detection of artifacts (e.g. saturation, blooming, interlacing, compression), analysis of the vignetting effects, noise analysis, spectral response and linearity of the sensor. Many other papers report on innovative calibration methods for digital cameras. Sampath et al (2012) developed methods for self-calibration of commercial of the shelf cameras with short focal length. Gneeniss et al (2015) described the use of complementary Lidar to validate and calibrate camera parameters. All these articles demonstrate the fact that camera certification is a topic of an ongoing research in which there are many unknowns and there are no common practices and standards yet to certify these technologies. This article presents a practical approach that was taken in Israel to certify digital photogrammetric camera systems. This approach analyse the system as a whole and include the flying platform, optical system, the navigation devices (GPS, IMU) and the embedded processing software. The next section of the article, provides the basic requirements of the Survey Regulation for mapping products, namely; location accuracy, completeness (content), thematic accuracy and consistency. Then, Section 3 describes the Director General Instructions for digital camera system certification. Section 4 concludes the report with a description of the tests that were carried out and further work will be carried out on the topic.
MAPPING AND GEO-INFORMATION REGULATIONS IN ISRAEL
The field of mapping and Geospatial Information is consistently changing with new concepts and technologies making it impossible to set comprehensive regulations that will be valid for long time. Thus it was decided that the regulations will cover the basic definitions of mapping products and principal quality requirement and will not describe to the details of the technological procedures. The Director General Instructions are more dynamic and will be modified to follow technological changes. The three most important concepts that set the framework for the new regulations in mapping and Geospatial Information were: the change into a compete digital environment and the importance of proper metadata, sound quality control procedures and enabling the use of emerging technologies and advanced mapping products.
Digital environment and metadata
The new regulations recognize the need to move away from paper maps with legend and specified scale to a digital spatial database (map) with metadata and specified quality parameters. Each digital spatial database should be provided according to the Director General Instructions, which specify the layer structure, attributes fields, entity relationships and with a Metadata file. The Metadata file structure is specified in the Director General Instructions which are comparable to the ISO19115 standard.
Quality control procedures
The new regulations put emphasis on modern quality control procedures, which are based on the ISO19157 principles and quality components. The six quality components which are described in the ISO are: logical consistency, positional accuracy, completeness, thematic accuracy, temporal accuracy, and usability. The Survey Regulation describe the detail requirements for the first four quality components, where the last two components are used only rarely for unique projects.
The four quality components are: A. Logical consistency -describes the fidelity of the relationships in the data set and the level of conformance to the required computer format. The dataset is automatically tested to see that it meets the computer format, otherwise it is rejected. In addition, automated software checks are carried out to evaluate various logical consistency parameters, for example:  Within a thematic layer -topological rules (e.g., search for overshoots or undershoots),  Domain rules for database fields and attributes (e.g.,
elevations cannot be smaller than -1000 m )  Between proper thematic layers (e.g., unreasonable intersection of building layer with road layer) B. Positional accuracy -an assessment of the accuracy of the coordinates of spatial objects. The regulations' requirement's for accuracy are given as a function of the map level (scale) and presented in tables 1 and 2. Two measures are used as indicators for the accuracy the root mean square error (RMSE) and the CEP 95. RMSE is the square root of the average of the set of squared differences between dataset coordinate values and coordinate values from an independent source of higher accuracy for identical points. CEP 95 (circular error probability) is the radius of a circle, centered about the mean, whose boundary is expected to include locations of 95% of the measurements. These accuracy values are comparable to those in the ASPRS standard (ASPRS, 2014). C. Completeness -Is information about omissions, commissions and selection criteria within the data set. The new regulations specify the exact ground resolution of images and orthophotographs used for mapping at different levels, see Table 3 . With this limiting resolution, the regulations specify two selection criteria for the completeness parameter:  Every permanent object visible on the image, which covers an area greater than 36 times the ground resolution (at Table 3 ) should be mapped as a matter of routine.  The Digital Terrain Model should include a breakline in every surface alteration larger than half the contour interval specified in Table 4 .
Tests for to evaluate completeness are specified in the Director General Instruction and are carried out either by performing duplicate surveys by two different mapping organizations or by superimposition of the vector map on the screen with the raster image of the aerial photograph. Results will be reported in the same manner specified by ISO 19157.
D. Attribute Accuracy -is an assessment of the accuracy of the identification of entities and the assignment of attribute values in the data set. This parameter is highly coupled with Completeness because both have similar tests. Results will be reported in the same manner specified by ISO 19157.
Enabling emerging technologies and advanced mapping products
One of the goals of the new regulation is to encourage the use of more efficient mapping procedures and technologies to produce more advanced mapping products.
Some of the latest mapping technologies include digital cameras (on satellites, aerial, on UAV's or on terrestrial systems), LIDAR, radar, mobile mapping systems. The regulations permit the use of any technology given that it was certified by the SOI as one that meets the quality requirements of a specific mapping level. Thus the regulations require that the SOI set up a certification program to test different sensors, and different combinations of integrated mapping platforms. The regulation aims also at defining advanced mapping products that will be used to facilitate varying business activities (planning, design, construction, facility management, and more). Some of these include traditional products such as:  Digital Elevation Model (DEM) -a regular grid of ground points with spot heights, with density as described in 
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Step Performed by Moreover, the regulations define 3D models as a mapping product, and specify it very similar to the OGC 2008 City Geography Markup Language (CityGML) standard.
THE ISRAELI CAMERA CERTIFICATION PROCESS

Certification process
The Director General Instructions for quality determination of digital camera systems for mapping is based on the Survey Regulation requirements. Namely, given the accuracy requirements (in Tables 1 & 2 ) and the completeness specification the instructions detail the camera certification process. This process will have 5 stages as given in Figure 1 :
Figure 1: Certification process
The first step is done by a surveying or mapping firm who fill a request for digital camera system certification. The request is a form that includes the following information: A. Details of the optical system and the imaging sensor including: focal length, lens distortions, dynamic range, number of pixels, pixel size, GSD at 500m, field of view angles, alignment of the different camera heads to the Pan camera, geometric calibration using certified test stand, Modulation Transfer Function of each camera head, and frame rate. Using these documents the accredited certification institute evaluates the system and set the theoretical limits for the system accuracy and completeness i.e., the allowed map scale of the products (see step 2 in Figure 1 ). The certification institute carry on the field test of the system as will be described in section 3.2 and 3.3 and submit a recommendation report for the Survey of Israel. The report is analysed by the SOI managers and the camera is being ranked according to the accuracy level of the mapping products that it can produced. In the following two sections we will describe how the SOI measure the two criteria for ranking the quality of the map, i.e.; positional accuracy and completeness.
Positional Accuracy Testing
Tables 1 and 2 describe the accuracy requirements for mapping products with two measures: RMSE and CEP95. Accuracy requirements are at the 95% confidence level. This means that 95% of the positions in the mapping product will have an error with respect to true ground position that is equal to or smaller than the reported accuracy value. This is the underpinning assumption of the camera system certification testing. The tested camera will be flown over an area with marked ground control points at three different altitudes. Each altitude is suitable for a different mapping scale. Following a triangulation process, more than 50 well identified points are measured using the calculated stereo models. These points will be surveyed on the ground with precision DGPS. Both RMSE and CEP95 are computed and the camera is ranked according to Tables 1 and 2 . In the beginning of the certification program, tests were carried out in a specialized test site in Tel-Aviv University. It was later determined that it is better to carry the tests in real-life projects selected by the mapping firm for three reasons: 1. The need to test the camera system in areas with large height differences ). 2. The needs to have an objective test were the check points are unknown to the mapping firm. The GCP coordinates are further transformed with unknown parameters to make sure that the triangulation is based only on these points. 3. Economic benefit to the company to have the test as part of their actual work. To the SOI it saves the cost of maintaining a test site.
An example for a test that was performed using this method is presented in Figure 2 . Three strips of 11 images (total of 33 images) were flown with Z/I DMC II 140 camera at an altitude of 640m over Hedera in an area that covers 2.08 sq. km. The triangulation included 5 control points and 57 check points were measured on the ground. The camera was tested at 5 cm image resolution and with parameters that will allow it to produce a 1:500 maps or rank 4 accuracy. Details of the final certification report will be omitted for commercial reasons.
Figure 2: Test site in Hedara with 3 strips, 5 GCP and 57 check points
Completeness and Attribute Accuracy Testing
Mapping products should be complete and include all the topographic features that are required for the given map scale or accuracy ranking. To make the map complete the images used to produce them should be of apt quality. Many indicators have been developed to analyze the ability of an observer to perform map topographic features from images. The Johnson's criterion which was developed in the late 50's provides the minimum required resolution for a 50 percent probability of an observer discriminating an object to the specified level (Detection, Orientation, Recognition, and Identification where the specific object can be discerned). According to this criterion an interpreter should be able to identify a feature at a size of 12.8 +3.2/-2.8 pixels (Sjaardema et al 2015) . This means for example that at a scale of 1:500 (rank 4) where the ground resolution is 5 cm (according to table 3) the interpreter should be able to identify features with length of 65 cm + 15 cm. These features lime these include: brick-tile, road center-line marking, fence lines, walls, manholes, stairs, road curb and storm drain, power boxes, etc. Tests for image interpretability have been conducted for many years; a good example is the National Imagery Interpretability Rating Scale (NIIRS) was developed as a standardized measure of image interpretability (IRARS Committee, 1996) . The same approach is being conducted by the SOI, each image will be evaluated by expert interpreters to validate that features can be identified and mapped on the image using the specified resolution. For example, the certification process approves that the camera, flown at the specified altitude suitable for mapping products at rank 4 (1:500) since the expert interpreters identified features at a length greater than 65 cm +/-15 cm (see Figure 3) . The visual inspection also identity other defects and artifacts and display these in the report.
This visual inspection is costly as it required manual and time consuming examination by photogrammetric experts. The Survey of Israel is aiming at automating the process by using the approach of Kim et al (2010) . Using this approach the General Image Quality Equation ( The RER is calculated by analyzing profiled of transactions from white to black in x and y directions (see Figure 5 ). On the profiles the normalized edge response values at points distances from the edge by -0.5 (ERx(-0.5)) and by 0.5 GSD are measured. The RER is then calculated by: 
CONCLUSIONS AND FURTHER WORK
The Director General Instructions for quality determination of digital camera systems for mapping use a top-down approach for camera certification. Namely, given positional accuracy and completeness requirements, the Instructions'' process tests if the camera can meet those requirements with a given flight altitude and ground control points schema. The suggested flight altitude and ground control points schema for wide format cameras should be better than a standard analogue camera (focal length 152mm). The tests are based on simple procedures that do not require special test site, targets, and equipment and can be taken at any location. Faced with the proliferation of camera systems -some mounted on UAV platforms -these procedures should be able to quickly and efficiently rank the systems and determine their quality. For this reason, the SOI is looking at automating the process of image quality determination using the GIQE, and automating the accuracy determination using an automatic comparison to orthophotographs with higher accuracy. These improvements can expedite the process which is going on (with 6 camera systems being tested) and strengthen the basic principles outlined in the Director General Instructions.
